Two-color resonant two-photon mass-analyzed threshold ionization ͑MATI͒ spectroscopy was used to record the vibrationally resolved cation spectra of the selected rotamers of p-n-propylphenol. The adiabatic ionization energies of the trans, gauche-A, and gauche-B rotamers are determined to be 65 283Ϯ5, 65 385Ϯ5, and 65 369Ϯ5 cm Ϫ1 , which are less than that of phenol by 3342, 3240, and 3256 cm Ϫ1 , respectively. This suggests that the n-propyl substitution causes a greater degree in lowering the energy level in the cationic than the neutral ground state. Analysis on the MATI spectra of the selected rotamers of p-n-propylphenol cation shows that the relative orientation of the p-n-alkyl group has little effect on the in-plane ring vibrations. However, the low-frequency C 3 H 7 bending vibrations appear to be active only for the two gauche forms of the cation.
I. INTRODUCTION
p-Alkylphenol is the base molecule of tyrosine, which is an important amino acid related to UV absorption. 1, 2 It has been shown that several conformers coexist in the tyrosine sample. 3 Recently, de Vries and co-workers 4 have applied resonant two-photon ionization ͑R2PI͒ spectroscopy and ab initio calculations to reveal the detailed vibronic spectral features resulting from ten conformers of tyrosine. Since the ionization energies IEs of various conformers may differ by a few tens to a few hundreds of wave numbers, a highresolution spectroscopic method with species selection capability is needed for probing the ionic properties of tyrosine. This task is very challenging. To investigate the cationic properties of molecular isomers, various ion spectroscopic techniques have been developed. 5, 6 In contrast to the traditional photoelectron spectroscopy, both zero-kinetic energy photoelectron and mass-analyzed threshold ionization ͑MATI͒ spectroscopic methods can give precise IE and vibrationally resolved cation spectra of phenol and its complexes. [7] [8] [9] [10] Recently, Lin and Tzeng 11 have applied MATI spectroscopy to record the cation spectra of p-methylphenol and p-ethylphenol. Their results give precise IEs of these species and many spectroscopic properties of the corresponding cations. Smalley and co-workers pointed out that there exist trans and gauche conformers for p-alkylbenzene having an alkyl chain longer than ethyl arising from rotational isomerism of the alkyl chain. 12 It is expected that similar types of rotational conformers ͑rotamers͒ coexist in the p-n-propylphenol sample as in the cases of p-n-propylbenzene, p-n-propylaniline, and tyrosine. 3, 4, [13] [14] [15] [16] [17] [18] Thus, the experimental data of the selected rotamers of p-n-propylphenol are useful for one to have a better understanding of the photochemical and photophysical properties of tyrosine.
Previous studies by dispersed and excitation fluorescence, 1, 19 stimulated emission ion dip, 19 and stimulated Raman-UV optical double-resonance spectroscopy 19 reveal the coexistence of three rotamers of p-n-propylphenol. In addition, these experiments yield information about the active vibrations and intramolecular vibrational redistribution of this molecule in the ground S 0 and electronically excited S 1 states. To the best of our knowledge, spectroscopic information about this molecule in the cationic ground D 0 state is not yet available in the literature.
In this paper, we report the one-color and two-color resonant two-photon ionization ͑1C, 2C-R2PI͒ as well as the vibrationally resolved MATI spectra of p-n-propylphenol. These experimental data not only confirm the coexistence of three rotamers of p-n-propylphenol, but also give the precise IEs and the frequencies of the active vibrations of each selected rotamer in the S 1 and D 0 states. Comparing these results with those of phenol 7 and p-methylphenol, 11 and p-ethylphenol 11 provides insights into the long alkyl chain and conformational effects on the transition energy and molecular vibration. We have also performed ab initio and density functional theory ͑DFT͒ calculations to provide possible interpretation for our experimental findings.
II. METHODS

A. Experiment
The experiments were performed with a time-of-flight mass spectrometer described elsewhere. 20 The liquid p-propylphenol sample ͑Sigma-Aldrich, 98% purity͒ was heated to about 60°C to acquire sufficient vapor pressure. The vapors were seeded into 2-3 bars of helium and expanded into the vacuum through a pulsed valve with a 0.15 mm diameter orifice. The molecular beam was collimated by a͒ Also at the Department of Electronics, Shanxi University, Taiyuan 030006, Shanxi, China.
b͒ Author to whom correspondence should be addressed; Fax: ͑886͒2-23620200. Electronic mail: wbt@sinica.edu.tw a skimmer located 15 mm downstream from the nozzle orifice. During the experiments, the gas expansion and the ionization regions were maintained at a pressure of about 1 ϫ10 Ϫ3 and 1ϫ10 Ϫ5 Pa, respectively. The two-color resonant two-photon excitation process was initiated by utilizing two independent tunable UV laser systems controlled by a delay/pulse generator ͑Stanford Research Systems, DG 535͒. The excitation ͑pump͒ source is a Nd:yttrium aluminum garnet ͑YAG͒ ͑Quanta-Ray GCR-3͒ pumped dye laser ͑Lambda-Physik, Scanmate-2 OG; Rhodamin 575 dye͒ with bandwidth р0.3 cm
Ϫ1
. The visible radiation is frequency doubled to produce UV radiation. The ionization ͑probe͒ UV laser ͑Lambda-Physik, ScanmateUV with BBO-III crystal; DCM and LDS 698 dyes͒ was pumped by a frequency-doubled Nd:YAG ͑Quanta-Ray LAB-150͒. A Fizeau-type wave meter ͑New Focus 7711͒ was used to calibrate the wavelengths of both lasers. These two counterpropagating laser beams were focused and intersected perpendicularly with the molecular beam at 50 mm downstream from the nozzle orifice.
The two-color resonant two-photon excitation process was accomplished by fixing the frequency of the pump laser to a particular vibronic level in the S 1 state while scanning the probe laser from several hundred wave numbers above to a few hundred wave numbers below the ionization threshold of the molecule. In the 2C-R2PI experiments, the total ion current is collected. Analysis on the rising step in the photoionization efficiency curve yields an IE with an uncertainty of about 10-20 cm Ϫ1 . In the MATI experiments, about 190 ns after the occurrence of the laser pulses, a pulsed electric field of Ϫ1.0 V/cm was switched on to reject the prompt ions. About 7.60 s later, a second pulsed electric field of 420 V/cm was applied to field ionize the Rydberg neutrals. These threshold ions were then accelerated and passed a field-free region before being detected by a dual-stacked microchannel plate detector. The MATI technique gives rise to a sharp peak at the ionization threshold and thus yields a more precise IE value. In addition, it provides information about the active vibrations of the cation with a resolution better than those obtained from the conventional photoelectron experiments. The lowest energy band ͑labeled 0 ϩ ) in a MATI spectrum corresponds to the signal of the vibrationless cations. Because the threshold ions are formed by the pulsed field ionization of high n Rydberg neutrals with energy of a few wave numbers below the true ionization threshold, the determination of the adiabatic IE should consider the highenergy side of the 0 ϩ band. [21] [22] The energy lowering ͑in cm Ϫ1 ͒ due to the Stark effect may be estimated by 4.0F 1/2 when a pulsed field F ͑in V/cm͒ is applied. 23 This method generally leads to an uncertainty of 4 -6 cm Ϫ1 in the determination of the IE.
B. Computational
All ab initio and DFT calculations were performed by using the GAUSSIAN 03W program package. 24 The computations give information about the molecular geometries, total energies, and vibrational frequencies of p-n-propylphenol in the S 0 , S 1 , and D 0 states. The IE was obtained as the difference in the zero-point level ͑ZPL͒ of the cation and the corresponding neutral in the ground state. Since the frequency calculations are on the basis of the harmonic oscillator model, the obtained frequencies are scaled by an appropriate value to correct approximately for the combined errors stemming from basis set incompleteness, neglect of electron correlation, and vibrational anharmonicity. 25 The calculated vibrational frequencies and scaling factors are listed in the tables along with the measured values.
III. RESULTS
A. Predicted stable conformers of p-n-propylphenol
Song and Hayes 1 pointed out that p-n-propylphenol may have at least five rotamers arising from different orientations of the n-propyl group with respect to the hydroxyl substituent. In addition, Ebata and Ito 19 proposed that there are three stable rotamers involved in their spectroscopic experiments of p-n-propylphenol. In the present studies, we have performed ab initio and DFT calculations to search for possible conformers of p-n-propylphenol in the S 0 state. The initial molecular geometries tested include the forms with different orientation of the n-propyl group with respect to the OH group. On the basis of these general configurations, we varied the bond lengths, bond angles, and dihedral angles as the initial trial parameters. The obtained optimized structures were verified by observing no imaginary frequency for vibrational modes. As a result of more than 24 computations, only three structures were found to be stable for p-n-propylphenol, as suggested by Ebata and Ito. 19 In all these forms, the H atom of the OH group lies in the same plane as that of the aromatic ring. The trans form has a configuration in which the terminal CH 3 of the n-propyl group stretches away from the ring, as shown in Fig. 1 . In the cases of the two gauche forms, the terminal CH 3 of the n-propyl group bends toward the aromatic ring. When the terminal CH 3 and the H atom of the OH group are on the same side of the long axis, the molecule is referred to as the gauche-A rotamer. In case that they are on the opposite side, it is called the gauche-B form of p-n-propylphenol. Both the ab initio and DFT calculations can give the total energy of molecular species in a particular electronic state. These values can be used to predict the electronic transition and ionization energies. Previous studies 26 -29 show that the DFT methods give a better prediction for the electronic transition and ionization energies than the ab initio approaches. However, both methods predict a correct trend for the relative energies of these conformers. Due to the limitation of the length of this paper, only some results from these calculations are given below to illustrate this point. On the basis of the hybrid Becke three-parameter with the PW91 correlation functional ͑B3PW91͒ calculation with the 6-311ϩϩG** basis set, the zero-point energies of the trans, gauche-A, and gauche-B forms of p-n-propylphenol in the S 0 state are Ϫ425.178 165, Ϫ425.177 202, and Ϫ425.177 188 Hartrees, respectively. Namely, in the S 0 state the trans form is the most stable configuration, whereas the gauche-A and gauche-B forms lie in higher-energy levels of 211 and 214 cm Ϫ1 , respectively. In contrast, the restricted Hartree-Fock/6-311ϩϩG** calculations give the corresponding electronic energies of Ϫ422.572 695, Ϫ422.571 398, and Ϫ422.571 307 Hartrees for these three isomers. This shows that the gauche-A and gauche-B lie in the higher-energy levels than the trans form by 285 and 305 cm Ϫ1 , respectively. Therefore, both the ab initio and DFT methods prove that the trans form is the most stable configuration and the gauche-A and gauche-B rotamers lie in higher-energy levels by a few hundreds of wave numbers. Reilley, Kimura and their co-workers 15, 17 assumed that internal conversion of these rotamers is very slow under the supersonic expansion. It follows that the ratio of the band intensities of the gauche and trans rotamers (I g /I t ) may reflect their relative abundances at the nozzle temperature. A simple relationship is expressed as follows, I g /I t ϭexp(Ϫ⌬E/kT), where ⌬E is the relative energy between the gauche and trans rotamers and T is the nozzle temperature in Kelvin. As shown in Fig. 2 and Table  I, , respectively. All labels of the spectral features result from the vibrations of the trans rotamer. The detailed assignment is listed in Table I . 
B. 1C-R2PI spectrum of p-n-propylphenol
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Rotamers of p-n-propylphenol cations J. Chem. Phys. 122, 044311 (2005) the two gauche rotamers is slightly higher than that of the trans form for p-n-propylphenol in the S 0 state. These results are fortuitously consistent with those predicted by both ab initio and DFT calculations stated in the previous section.
To correlate the observed intensity ratio in the vibronic spectrum to the relative population of the conformers in the S 0 state, one has to take into account the following factors. Upon electronic excitation, the gauche structure may demonstrate a larger change in geometry than the trans structure. This gives rise to different Franck-Condon factors for these isomers. Secondly, the electronic temperature may not be the same as the nozzle temperature. Although supersonic cooling may not affect an energy difference of 278 cm Ϫ1 between the trans and gauche conformers, it surely should affect the difference between the two gauche conformers. However, the detailed discussion on these factors is beyond the scope of the present paper.
For benzene derivatives, the S 1 ←S 0 transition is mainly subject to the *← electronic excitation, leading to an expansion in the ring. This gives rise to many active vibronic transitions related to the benzene-like vibrations. 30 p-n-Propylphenol has 60 normal modes, which include 3 hydroxy, 27 propyl, and 30 benzenelike vibrations. Since the two gauche rotamers are less abundant, all of the observed vibronic features in Fig. 2 are assumed to be related to the trans form of p-n-propylphenol. Table I lists the observed 1C-R2PI bands along with the calculated frequencies and possible assignments. The prominent bands at 460, 749, and 810 cm Ϫ1 are assigned to the 6a 0 1 , 12 0 1 , and 1 0 1 transitions, respectively, which mainly involve the in-plane ring deformation vibrations, as seen in Fig. 3 . In particular, mode 1 is referred to as the breathing motion. Many characteristic motions of p-n-propylphenol appear to be active in the electronic transition. The strong band at 290 cm Ϫ1 results from transition 15 0 1 , which mainly involves the in-plane substituent-sensitive C-C 3 H 7 bending vibration. The pronounced bands at 377 and 280 cm Ϫ1 are assigned to the 9b 0 1 and 10b 0 1 transitions, which are related to the in-plane and out-of-plane C-OH bending vibrations, respectively. The distinct low-frequency band at 66 cm Ϫ1 mainly results from the C 3 H 7 bending vibration, as shown in Fig. 3 .
C. MATI spectra of selected rotamers of p-n-propylphenol
To our knowledge, the IE of p-n-propylphenol is not yet available in the literature. In principle, each value of the three rotamers is expected to be unique if it can be measured precisely. 6, 31 In this study, we have applied both the 2C-R2PI and MATI methods to measure the IEs of the selected rotamers of p-n-propylphenol. The former technique involves detection of the prompt ions whereas the latter is subject to the detection of the threshold ions. 6 Since the signal resulting from the prompt ions is generally stronger than that from the threshold ions, we have performed the 2C-R2PI experiments before applying the MATI technique. , with an uncertainty of about 15 cm Ϫ1 . In contrast to the 2C-R2PI technique, the MATI method gives a sharp peak at the ionization threshold and yields a more definitive value. 6 Moreover, it provides information about the active vibrations of the cation with a spectral resolution higher than that obtained from conventional photoelectron spectroscopy. It is noted that the bandwidth in Fig. 7͑c͒ is much broader than that in all MATI spectra of p-n-propylphenol shown in the present paper. A similar finding has been observed in the MATI experiments of p-methylphenol. We have repeated the experiments for a few times to confirm this observation. Since there is no fragment ions appeared in the mass spectrum, the observed broad band is not caused by dissociation of molecular ions. Wategaoankar and Doraiswamy 32 have studied the intramolecular vibrational relaxation ͑IVR͒ dynamics in several p-alkylanilines by single vibronic level fluorescence spectroscopy. They found that the onset of IVR occurs near 821 cm Ϫ1 for p-alkylanilines. Although the present MATI experiments involve in monitoring threshold ions, the observed broad bandwidth in Fig. 7͑c͒ may imply IVR takes place for p-n-propylphenol in the electronically excited S 1 1 1 state ͑830 cm Ϫ1 ͒.
IV. DISCUSSION
A. Effect of the p-alkyl substitution on the EE and IE of phenol
The excitation energies ͑EEs͒ of S 1 ←S 0 electronic transition of phenol, p-methylphenol, p-ethylphenol, trans p-n-propylphenol, gauche-A p-n-propylphenol, and gauche-B p-n-propylphenol are listed in Table IV . It shows that the substitution of the methyl, ethyl, trans p-n-propyl, gauche-A p-n-propyl, and gauche-B p-n-propyl group on the para position of phenol causes the EE to be lowered by 1018, 845, 848, 896, and 908 cm 
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Rotamers of p-n-propylphenol cations J. Chem. Phys. 122, 044311 (2005) of alkyl chain leads to a slightly smaller redshift for alkyl group containing no more than two carbon atoms. However, the ethyl and trans p-n-propyl substitutions lead to about the same magnitude of redshift. Interestingly, the gauche forms give a greater redshift of 48 -60 cm Ϫ1 than the trans form of p-n-propylphenol. As seen in Fig. 1 , the terminal CH 3 of the n-propyl group bend towards the aromatic ring in the two gauche forms of p-n-propylphenol and it stretches away from the ring in the trans rotamer. These results indicate that the interaction between the terminal CH 3 of the n-propyl group and the ring in the gauche rotamers give rise to this greater redshift.
The EEs of p-methylaniline, p-ethylaniline, trans p-n-propylaniline, and gauche p-n-propylaniline and the corresponding benzene derivatives are also listed in Table  IV . 6, 15, [33] [34] [35] [36] [37] [38] These results show that the effects of the alkyl chain on the EEs of p-alkylanilines and alkylbenzenes are similar to those of p-alkylphenols. It is known that the S 1 ←S 0 transitions of benzene, aniline, and phenol mainly involves the excitation of the electron clouds of the aromatic ring. 11, 33 Concerning the interaction between the substituent and aromatic ring through the -bond, the OH and NH 2 are referred to as the electron-donating groups. The present findings indicate that the trend of the redshift in the EE resulting from the substitution is similar for the electron-donating substituents. In other words, the electron-donating groups do not play any role in this excitation. Rather, it is the interaction between the alkyl substituent and the electrons in the ring plays a major role.
Table IV also lists the respective adiabatic IEs of phenol, p-methylphenol, p-ethylphenol, trans p-n-propylphenol, gauche-A p-n-propylphenol, and gauche-B p-n-propylphenol. 7, 19 It shows that the methyl, ethyl, trans p-n-propyl, gauche-A p-n-propyl, and gauche-B p-n-propyl substitutions on the para position of phenol cause the IE to be lowered by 2707, 2997, 3342, 3240, and 3256 cm Ϫ1 , respectively. Clearly, the longer alkyl chain causes the greater redshift in the IE. Concerning different configuration in the three rotamers of p-n-propylphenol, the gauche forms lead to a slightly less redshift than the trans form. This finding may be accounted for the interaction between the terminal CH 3 of the n-propyl group and the ring in the gauche rotamers. The fact that the longest alkyl substituent gives rise to the largest redshift in the IE probably has something to do with the distribution space of the extra charge.
We have also applied various theoretical methods to investigate these findings by calculating the IEs of these molecules. The results show that they all give the same trend in the relative IEs. However, the DFT calculations give a better prediction than the HF approaches. In addition, the Becke three parameter with the PW91 correlation ͑B3PW91͒ functional calculation yields a slightly smaller deviation than the B3LYP method with the same basis set for predicting the IEs. The B3PW91/6-311ϩϩG** calculations give the IEs of phenol, p-methylphenol, p-ethylphenol, trans p-n-propylphenol, gauche-A p-n-propylphenol, and gauche-B p-n-propylphenol to be 67 340, 64 236, 63 994, 63 562, 63 647, and 63 640 cm Ϫ1 , respectively, corresponding to deviations of about 2%-3%. The significance of these calculations is that they yield the correct trend for the energy shift resulting from the alkyl substitution on the para position of phenol. Thus, the theoretical calculations support these experimental findings.
The adiabatic IEs of the corresponding p-substituted anilines and benzenes are also listed in Table IV . These results show that a longer alkyl chain leads to a slightly greater redshift in the IEs of p-alkylanilines and alkylbenzenes as in the case of p-alkylphenols. However, the gauche forms have a slightly less redshift than the trans form. Thus, the interaction between the n-propyl group and the aromatic ring is only a little affected by the nature of the other substituent ͑e.g., H, OH, or NH 2 ) on the para position.
B. Effect of the p-alkyl substitution on the vibrations of phenol in the D 0 state
Comparison of the MATI spectra of p-methylphenol, p-ethylphenol and p-n-propylphenol allows us to investigate the effect of alkyl group on the vibrations of the phenol cation. It is known that the observed band intensity in the MATI spectra is related to ͑1͒ the oscillator strength corresponding to the S 1 ←S 0 transition, ͑2͒ the transition cross section from the S 1 state to the Rydberg state, and ͑3͒ the pulsed field ionization efficiency. In addition, one has to take into consideration of the overlap integral between the molecular coordinates of the neutral and the ion in order to observe more active vibrations of the cation. For instance, the MATI bands related to vibrations 6a and 12 of the trans p-n-propylphenol cation are very weak when the S 1 0 0 is used as the intermediate level, as shown in Fig. 5͑a͒ . However, the strongest MATI band results from vibration 6a when the S 1 6a
1 is used as the intermediate level, as seen in Fig. 7͑b͒ . Therefore, several vibronic states are used as the intermediate levels for recording the MATI spectra in these studies. It is found that most of the MATI spectra demonstrate a propensity of maintaining the vibration of the intermediate level. 31, 34, 39, 40 Figures 7͑a͒-7͑c͒ show the MATI spectra of trans p-n-propylphenol recorded by ionizing via the vibrational 9b 1 , 6a 1 , and 1 1 levels in the S 1 state. The general features in these MATI spectra of trans p-n-propylphenol are similar to those of p-methylphenol. 11 Unfortunately, the bands related to the vibronic states are too weak to be used as the intermediate levels for recording the corresponding MATI spectra for p-ethylphenol. 11 For similar reasons, the MATI spectra of the two gauche rotamers of p-n-propylphenol were only recorded by ionizing via their respective S 1 0 0 levels. The present experimental data of the p-methylphenol and trans p-n-propylphenol may suggest that the p-alkyl substitution at the para position has little effect on these in-plane ring vibrations of p-alkylphenol. Surprisingly, the ⌬ϭ0 propensity rule does not hold when the S 1 9b 1 state is used as the intermediate level for recording the MATI spectra of p-methylphenol and trans p-n-propylphenol. The calculated results indicate that the geometries of these molecules in the S 1 state resemble those in the D 0 state. We have carefully examined the patterns of the corresponding normal vibrations by using the GAUSSVIEW program which is a complementary program of the GAUSSIAN 03W package. 24 The results show that the pattern of mode 9b in the S 1 state is like that in the D 0 state. Thus, besides the consideration of the changes in molecular geometry and vibrational coordinate there could be other factors leading to the observed breakdown of the ⌬ϭ0 propensity rule. The subject may be investigated in the future experiments.
Concerning the configuration effect of the n-propyl group on the vibrations of the p-n-propylphenol cations, one has to look into the MATI spectra of the trans, gauche-A, and gauche-B rotamers of p-n-propylphenol recorded by ionizing via their respective vibrationless S 1 0 0 states, as seen in Figs. 5͑a͒-5͑c͒. It is clear that the general spectral features related to in-plane ring vibrations ͑with frequencies greater than 300 cm Ϫ1 ͒ of the trans, gauche-A, and gauche-B rotamers of p-n-propylphenol in the D 0 state are quite similar. This indicates that the configuration of the n-propyl group with respect to the OH substituent at the para position has little influence on the frequency of these in-plane ring vibrations. It is noted that some in-plane and out-of-plane C-C 3 H 7 and C-OH bending vibrations ͑modes 11, 10b, and 9b) are observed for the trans and gauche-A forms but not for the gauche-B rotamer. This shows that these substituentsensitive bending vibrations somewhat depend upon the configuration of the n-propyl group with respect to the OH substituent at the para position. Concerning the characteristic vibrations, one finds that the strong bands corresponding to the bending vibrations of the n-propyl group appear in the low-frequency regions of Figs. 5͑b͒ and 5͑c͒ for the two gauche forms of p-n-propylphenol. These results indicate that the D 0 ←S 1 transition enhances the C 3 H 7 bending vibrations for the two gauche forms, which have the terminal CH 3 of the n-propyl group bending toward the ring. The strong interaction between the terminal CH 3 and the electrons in the orbital of the ring gives rise to the active C 3 H 7 bending vibrations of the cations with the gauche form. In contrast, the C 3 H 7 bending vibration is not observed in the spectrum of the trans rotamer. Since the trans form has the terminal CH 3 of the n-propyl group stretching away from the ring, the interaction between the terminal CH 3 and the electrons in the orbital of the ring is reduced.
The n-propyl substitution at the para position of phenol can give rise to a change in the vibrational frequencies of the active characteristic modes related to the alkyl and hydroxyl groups. As listed in Table V, the frequencies of modes 6a 1 , The present data prove that the alkyl substitution at the para position of the phenol cation can cause a frequency reduction in these three in-plane ring deformation modes by as much as 15%. However, the length of the alkyl group has an insignificant effect on the extent of the frequency reduction for modes 12 and 1.
V. CONCLUSION
We have applied R2PI and MATI spectroscopy and theoretical calculations to confirm that three rotamers of p-n-propylphenol coexist in the sample. The present results show that the trans is the most stable form and the gauche-A and gauche-B rotamers lie in higher-energy levels by a few hundreds of wave numbers in the S 0 state. The observation of the distinct origins of the electronic transition indicates that the interconversion of these rotamers does not occur under our experimental conditions. The respective adiabatic IEs of the trans, gauche-A, and gauche-B rotamers of p-n-propylphenol are determined to be 65 283Ϯ5, 65 385 Ϯ5, and 65 369Ϯ5 cm Ϫ1 , respectively. Comparing these values with those of phenol, p-methylphenol, and p-ethylphenol suggests that a longer alkyl chain causes a greater redshift in the IE. This indicates that the p-alkyl substitution on phenol causes a greater degree in lowering the energy level in the cationic than the neutral ground state. Furthermore, the gauche form gives a slightly less redshift than the trans form. This finding may be attributed to the interaction between the terminal CH 3 of the n-propyl group and the ring in the gauche rotamers.
Investigations on the MATI spectra of the trans, gauche-A, and gauche-B rotamers of p-n-propylphenol indicate that the general spectral features related to in-plane ring vibrations of the corresponding cations are quite similar. This indicates that the orientation of the C 3 H 7 group with respect to the OH substituent at the para position has little influence on these in-plane ring vibrations. Concerning the characteristic vibrations, one finds that the strong bands corresponding to the low-frequency C 3 H 7 bending vibrations of the n-propyl group appear in the MATI spectra of the two gauche rotamers of p-n-propylphenol. These findings indicate that the D 0 ←S 1 transition enhances the C 3 H 7 bending vibrations for the two gauche forms, resulting from the strong interaction between the terminal CH 3 of the n-propyl group and the electrons in the orbital of the ring. In contrast, the C 3 H 7 bending vibration is not observed in the MATI spectrum of the trans rotamer. This is due to the fact that the terminal CH 3 of the n-propyl group stretches away from the ring and has a negligible interaction with the electrons in the ring.
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